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Description 

[BACKGROUND OF THE INVENTION] 
5 [Field of the Invention] 

[0001] The present invention relates to an aqueous dispersion for chemical mechanicat polishing. More specifically, 
the invention relates to an aqueous dispersion that is particularly useful for chemical mechanical polishing of metal 
layers during production steps for semiconductor devices. 

10 

[Description of the Prior Art] 

[0002] Improvements in degrees of semiconductor device integration and increased multilayer wiring have led to the 
Introduction of chemical mechanical polishing (hereunder refen^ed to as "CMP") techniques for polishing of working 

IS films and the lilce. As disclosed in Japanese l^id-open Patent Publication No. Sho-62-1 02543, No. Sho-64*55845 and 
No. Hei-5-275366, Published Japanese translations of PCT international publication for patent applications No. IHei- 
8-510437. and Japanese Laid-open Patent Publication No. Hei-8-17831, No. Hei-8-197414 and No. Hei-1 0-44047, 
th^ere are employed methods whereby wiring is formed by embedding a wiring material such as tungsten, aluminum 
or copper in a hole or trench fonrted in the insulation film of a process wafer, and then removing the excess wiring 

20 material by CMP 

[0003] In this CMP process, the chemical etching and mechanical polishing must be effectively incorporated together 
and the balance between the chemical function and mechanical function is important for obtaining a polished surface 
with sufficiently high precision. 

[0004] Many types of aqueous dispersions have been proposed as compositions for CMP, and in recent years par- 
25 ticular emphasis has been on improving the chemical etching function. For example, in Japanese Patent Publication 
No. Hei-6-1 03681 there is disclosed a polishing composition comprising abrasive particles, a transitional chelate salt 
and a solvent that dissoh/es the salt. In Japanese Laid-open Patent Publication No. Hei-6-3131 64 there is disclosed 
a polishing composition composed of a polishing material comprising an aqueous colloidal silica sol or gel and a pol- 
ishing accelerator comprising a persulfuric acid salt. In Japanese Laid-open Patent Publication No. Hei-7-233485 there 
30 is described a polishing composition containing aminoacetic acid, amidosulfuric acid, an oxidizing agent and water. In 
Japanese Laid-open Patent Publication No. Hei-1 1-1 35467 there is described a polishing composition containing a 
tetravatent cerium salt In aqueous solution. In Japanese Laid-open Patent Publication No. Hei-1 0-265766 there is 
described a polishing composition comprising a combination of hydrogen peroxide and a catalytic amount of iron ion. 
However, while these polishing compositions all have greater chemical etching ability and higher removal rates, the 
35 balance with the mechanical polishing ability is insufficient, such that the wiring materials undergo excessive etching, 
corrosion traces are left on the polishing surfaces, and dishing, thinning and keyholes are produced on plug surfaces, 
creating a problem in that satisfactory finished surfaces cannot be obtained. 

[0005] The mechank^ai polishing ability depends largely on the abrasive, and inorganic partk:les such as silk:a and 
alumina partk;les have been commonly used in the prior art. Such inorganic particles must be stably dispersed in a 
40 slurry, but problems such as instability and aggregate fonnation sometimes occur because of reduced colloid stability 
due to additives such as polishing accelerators , sedimentation in a slurry during storage, and the like. The aggregates 
produce nicks (scratches) in the polishing surface, and this leads to reduced yields. However, no aqueous dispersion 
for CMP has yet been proposed that provides both the chemical etching ability described above and stability of the 
abrasive in the aqueous dispersion. 

45 

[SUMMARY OF THE INVENTION] 

[Problems to be Solved by the Invention] 

50 [0006] The present invention Is aimed at overcoming the aforementioned problenns of the prior art, and it provides 
an aqueous dispersion for CMP that has an excellent balance between chemical etching and mechanicat polishing 
ability. That is, the object of the present invention is to provide an aqueous dispersion for CMP with a high removal 
rate that allows efficient polishing, while also producing minimal excessive etching, thinning, dishing, keyholes and 
scratches, to give finished surfaces with satisfactory high precision. 

55 

[Features of the Invention] 

[0007] According to the present invention, an aqueous dispersion for CMP having constitution described below is 
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provided to solve the above-mentioned objects. 

[1] An aqueous dispersion for chemical mechanical polishing characterized by comprising an abrasive, water and 
a heteropolyacid. 

[2] An aqueous dispersion for chemical mechanical polishing according to [1] above, characterized in that said 
heteropolyacid is at least one selected from among silicomolybdic acid, phosphorotungstic acid, silicotungstic acid, 
phosphoromolybdic acid and silicotungstonnotybdic acid. 

[3] An aqueous dispersion for chemical mechanical polishing according to [1] above, characterized by being used 
for polishing of a poHshing surface with a tungsten film. 

[4] An aqueous dispersion for chemical mechanical polishing according to [1] above, characterized by being used 
for polishing of a polishing surface with at least one from among copper films, aluminum films, ruthenium films, 
tantalum films, titanium films and platinum films. 

[5) An aqueous dispersion for chemical mechanical polishing according to [1] above, characterized In that upon 
contact with the metal layer of a polishing surface, the etching rate of said metal layer is 1 00 A/min or less. 
[6] An aqueous dispersion for chemical mechanical polishing, characterized by comprising an abrasive, water, a 
heteropolyacid and an organic acid. 

[7] An aqueous dispersion for chemical mechanical polishing according to [6] above, characterized in that said 
heteropolyacid is at least one selected from among silicomolybdic acid, phosphorotungstic acid, silicotungstic acid, 
phosphoromolybdic acid and silicotungstomolybdic acid. 

[8] An aqueous dispersion for chemical mechaniceil polishing according to [6] above, characterized in that said 
organic acid has two or more carboxyl groups in one molecule. 

[9] An aqueous dispersion for chemical mechanical polishing according to [8] above, characterized in that said 
organic acid Is at least one selected from among oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid, 
maleic acid, fumaric acid, phthalic acid, malic acid, tartaric acid and citric acid. 

[10] An aqueous dispersion for chemical mechanical polishing according to [6] above, characterized by being used 
, for polishing of a polishing surface with a tungsten film. 
[1 1 ] An aqueous dispersion for chemical mechanical polishing according to [6] above, characterized by being used 
for polishing of a polishing surface with at least one from among copper films, aluminum films, ruthenium films, 
tantalum films, titanium films and platinum films. 

[12] An aqueous dispersion for chemical mechanical polishing, characterized by comprising colloidal silica with a 
primary particle size of 5-100 nm, water and a heteropolyacid. 

[13] An aqueous dispersion for chemical mechanical polishing according to [12] above, characterized in that said 
colloidal silica is colloidal silica obtained by hydrolysis and condensation from an alkoxysilane. 
[14] An aqueous dispersion for chemical mechanical polishing according to [12] above, characterized in that said 
heteropolyacid is at least one selected from among silicomolybdic acid, phosphorotungstic acid, silicotungstic acid, 
phosphoromolybdic acid and silicotungstomolybdic acid. 

[15] An aqueous dispersion for chemical mechanical polishing according to [12] above, characterized by further 
comprising an organic acid. 

[16] An aqueous dispersion for chemical mechanical polishing according to [12] above, characterized by being 
used for polishing of a polishing surface with a tungsten film. 

[17] An aqueous dispersion for chemical mechanical polishing according to [12] above, characterized by being 
used for polishing of a polishing surface with at least one from among copper filnns, aluminum films, ruthenium 
filnr^, tantalum films, titanium films and platinum filnns. 

[Effect of the Invention] 

[0008] The aqueous dispersion for CMP according to the invention has an excellent balance between chemical 
etching and mechanical polishing ability, and when used for polishing of polishing surfaces with metal layers it can give 
highly precise polished surfaces with no con^sion, dishing or keyholes on the polished surfaces. The aqueous disper- 
sion for CMP according to the invention is therefore useful for CMP of polished surfaces with metal layers in manufac- 
turing processes for semiconductor devices, 

(DETAILED DESCRIPTION OF THE INVEfMTION] 

[0009] The present invention will now be explained In further detail. 

[0010] As the "abrasives" in the aqueous dispersions for CMP (hereunder refenred to simply as "aqueous disper- 
sions") according to the invention there may be used one or more types from among: 
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inorganic particles composed of silica, alumina, titania, zirconia, ceria or the like; 

organic particles composed of styrene-based copolymers, acrylic copolymers or the like; and 

organic/inorganic composite particles composed of these organic partk:les and Inorgank: particles. 

5 [0011] As inorganic particles there are preferred high-purity inorganic particles. Specif k: ones Include particles of: 

silica, alumina, titan la or the like which are synthesized by a fumed method in whrch oxygen and hydrogen are 
reacted with silicon chloride, aluminum chloride or titanium chloride in a gas phase, 

silica, alumina or titania which are synthesized by a sol-gel method in whrch a metal atkoxide is hydrotyzed and 
10 condensation is carried out for the synthesis, and 

silica, alumina or titania whrch are synthesized by an inorgank: colloid method in which the impurities are removed 
by purification. 

[0012] As organic particles there may be used particles composed of: 

IS 

(1) Polystyrene and styrene-based copolymers, 

(2) (Math) acrylic resins such as polymethyl methacrylate and (meth)acrylk; copolymers, 

(3) Polyvinyl chloride, polyacetal, saturated polyesters, potyamides, polyimides, polycartsonates and phenoxy res- 
ins, and 

20 (4) Polyolefins such as polyethylene, polypropylene, poty-1 -butene and poly-4-methyl-1 -pentene, and olefin-based 

copolymers. 

[0013] These organic particles may be produced by emulsion polymerization, suspension polymerization, emulsifying 
dispersion, pulverization and the like. 
25 [0014] The organk: particles used may be composed of a copolymer with a crosslinked structure, obtained by syn- 
thesis of the aforementioned polymers in the presence of divinyl benzene, ethyleneglycol dimethacrylate or the like. 
There may also be used organ k: partrcles composed of themiosetting resins such as phenol resins, urea resins, mela- 
mine resins, epoxy resins, alkyd resins and unsaturated polyester resins. 

[0015] The aforementioned ''organk:/inorganic composite particles" may consist of organc partrcles and inorganic 
30 particles fomned integrally to an extent so as not to easily separate during the CM P process, and there are no particular 
restrictions on their types or structures. As organ k:/inorgan)c composite partk;les (hereunder referred to as "composite 
partteles") there may be used particles fooned by potycondensation of an atkoxysilane, aluminum alkoxide, titanium 
alkoxide or the like in the presence of polymer partksles of polystyrene, polymethyl methacrylate or the like, and bonding 
of polysiloxane or the tike on at least the surface of the polymer partk^les. The resulting polycondensate may be directly 
35 bonded to the functional group of the polymer particles, or it may be bonded via a siiane coupling agent or the like. 
[0016] For production of the composite particles, silica partk:les or alumina particles may also be used instead of an 
alkoxysilane. These may be held by intertwining with the polysiloxane, or else they may be chemcalty bonded to the 
polymer particles by their functional groups, such as hydroxyl groups. 

[0017] The composite particles may be the partk^les composed of organk: partk^les and inorganic particles bonded 
40 by electrostatc force, whteh are formed from an aqueous dispersion containing organic particles and inorganic particles 
with zeta potentials of opposite signs. 

[0018] The zeta potentials of organic particles are usually negative across the entire pH range, or across a wide pH 
range except for the low pH range; however, by using organk: partteles with carboxyl groups, sulfonic acid groups or 
the like, It is possible to obtain organic particles with a more definite negative zeta potential. Organic partk:les with 

45 amino groups and the like have a positive zeta potential In specific pH ranges. 

[0019] On the other hand, the zeta potentials of inorganic particles are highly pH-dependent and have an isoelectric 
point at which the potential is zero; the sign of the zeta potential reverses at around that point. 
[0020] Thus, by combining specific inorgank: partrcles and organic partrcles and mixing them in a pH range at whk:h 
their zeta potentials are opposite signs, it is possible to form an integral composite of the inorganic particles and organk: 

50 particles by electrostatc force. Or, the zeta potentials may be of the same sign during the mixing, and the pH adjusted 
thereafter so that the zeta potentials of the inorganic particles and organic parttoles are of opposite signs, thereby 
allowing Integration of the inorganic particles and organic particles. 

[0021] The organic/inorganic composite particles used may be prepared by potycondensation of an alkoxysilane, 
aluminum alkoxide. titanium alkoxide or the like in the presence of the particles integrally composed in this manner by 
S5 electrostatic force, and bonding of polysiloxane or the like on at least the surface of the particles to fonm a composite. 
[0022] These abrasives normally exist in the aqueous dispersion as aggregates (secondary particles) composed of 
small particles (primary particles). The mean particle size of the secondary partbles of the aforementioned abrasive 
Is preferably "0.005-3 ^m". A mean partble size of less than 0.005 ^m will sometimes make it impossible to obtain an 
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aqueous dispersion with an adequately high removal rate. On the other hand, a mean particle size of greater than 3 
may result in precipitation and separation of the abrasive, hampering efforts to achieve a stable aqueous dispersion. 
The mean particle size is more preferably 0.01-1 .0 \m and more preferably 0.02-0.7 [un. An abrasive with a mean 
secondary a mean particle size of the secondary particles in this range can give a stable aqueous dispersion for CMP 
5 that has a high removal rate without precipitation and separation of the particles. The mean particle size of the secondary 
particles may be measured by observation using a laser diffusion diffraction measuring instrument or a transmission 
electron microscope. 

.^O^i||The abrasive content may be:p jC^ggP more preferably 0.1-15 wt%, even more preferabiy^ylt^^ 
with respectto the total amount of the a[queous dispersion . If the abrasive content isless than 0.05 wt% the improvement 
10 in polishing perfomnance will be InsufTiclent, and if it is greater than 20 wt% the cost is increased and the stability of 
the aqueous dispersion Is undesirably lowered. 

[0024] For the aqueous dispersions of the invention, "colloidal silica" may be used as the abrasive. As the colloidal 
silica there may be used colloidal silica synthesized, for example, by a fumed method in which oxygen and hydrogen 
are reacted with silicon chloride or the like In a gas phase, a sol-gel method involving synthesis by hydrolysis and 
IS condensation from an alkoxysllane such as tetraethoxysilane, or an Inorgank: colloid method in which the impurities 
are removed by purification. Particularly prefened for use is colloidal silica synthesized by a sol-gel method Involving 
synthesis by hydrolysis and condensation from an alkoxysllane such as tetraethoxysilane. 

[0025] As alkoxysilanes there may be used, for example, tetramethoxysilane, tetraethoxysilane, tetra-n-propoxysi- 
lane. tetra-iso-propoxysilane, tetra-n-butoxysilane, tetra-iso-butoxysilane, methyltrimethoxysilane, methyltriethoxysi- 

20 lane, ethyltrimethoxysiiane, ethyltriethoxysilane, n-propyltrimethoxysilane, n-propyltriethoxysilane, iso-propyltrimeth- 
oxysilane, iso-propyltriethoxysilane, n-butyltrimethoxysilane, iso-butyltrimethoxysilane, Y-chloropropyttrimethoxysi- 
lane, y -chloropropyltriethoxysilane, 3.3.3-tnfluoropropyltrimethoxysilane, 3,3,3-trifluoropropyltriethoxysilane, y-glyci- 
doxypropyftrlmethoxysilane, y-glyckJoxypropyldimethoxyaHcylsilane, y-glycidoxypropyttriethoxysilane, y-glycidoxypro- 
pyldiethoxyalkylsilane, Y-methacryioxypropyltrimethoxysilane, y-methacryioxypropyltriethoxysilane. y-mercaptopro- 

25 pyltrimethoxysilane, y -mercaptopropyltriethoxysilane, y -aminopropyltrimethoxysilane, y -aminopropyltriethoxysilane, 
vinyltrimethoxysilane, vinyltriethoxysilane. phenyltrimethoxysilane, phenyltriethoxysilane, 3, 4-epoxycyclohexyl ethyltri- 
methoxysiiane, 3.4-epoxycyclohexylethyttr1ethoxysilane. dimethyldimethoxysilane, dimethyidiethoxysilane and di- 
ethyldimethoxysilane 

[0026] Partk^ularty prefenred among these are tetramethoxysilane, tetraethoxysilane, tetra-iso-propoxysilane, tetra- 
30 n-butoxysilane, tetra-iso-butoxysilane, methyltrimethoxysilane, methyftriethoxysilane, ethyltrimethoxysiiane, ethyltri- 
ethoxysilane, n-propyltrimethoxysilane, n-propyltriethoxysilane, iso-propyttrimethoxysilane, iso-propyltriethoxysilane, 
n-butyltrimethoxysilane. dimethyldimethoxysilane, dimethyidiethoxysilane and diethyldimethoxysilane. 
[0027] The primary particle size of the cotloidal silca used in the aqueous dispersions of the invention is 5-1 00 nm, 
and preferably 5-50 nm. If the primary particle size of the colloidal silca is less than 5 nm it may not be possible to 
35 obtain sufficient mechanical polishing ability. On the other hand, if the primary particle size is greater than 100 nm 
scratches may tend to more readily occur, and the stability of the aqueous dispersion may be lowered. 
[0028] Colloidal silca with a primary particle size in this range can give a stable aqueous dispersion for CMP with a 
high removal rate, minimal scratching and no precipitation or separation of partteles. 

[0029] The mean particle size of secondary particles fonned of aggregates of the primary partteles is preferably 
40 10-200 nm and more preferably 10-100 nm. With a mean secondary part'cle size of less than 10 nm It may not be 
possible to obtain an aqueous dispersion with a sufficiently high removal rate. On the other hand, with a mean secondary 
parttele size of greater than 200 nm, scratches may tend to more readily occur, and the stability of the aqueous dis- 
persion may be lowered. 

[0030] Colloidal silica with a mean secondary partcle size in this range can give a stable aqueous dispersion for 
45 CMP with a high removal rate, minimal scratching and no precipitation or separation of particles. 

[0031] One such type of colloidal silca may be used, or two or more different types with different primary particle 
sizes or secondary particle sizes may be used in combination. 

[0032] The primary particle size may be calculated from the specific surface area by the BET method. The mean 
secondary particle size may be measured by observation using a laser diffusion diffraction measuring instrument or a 

50 transmission electron microscope. 

[0033] The colloidal silica is preferably of high purity in order to avoid contamination of the polishing surface. Spe- 
cifically preferred is colloidal silica with a sodium content of no greater than 1 0 ppm, preferably no greater than 8 ppm 
and especially no greater than 5 ppm. If the sodium content is greater than 10 ppm, the polishing surface may be 
contaminated by sodium during use of the CMP sluny. 

55 [0034] The content of colloidal silk:a according to the invention maybe 0.05-20 wt%. preferably 0.1-15 wt% and more 
preferably 0.1 -1 0 wt% with respect to the total amount of the aqueous dispersion. If the colloidal silica content Is less 
than 0.05 wt% the improvement in polishing performance will be insufficient, and if it is greater than 20 wt% the cost 
is increased and the stability of the aqueous dispersion Is undesirably lowered. 
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[0035] The medium for the aqueous dispersion of the invention may be water or a mixed medium composed mostly 
of water (such as a mixture of water and methanol), but water alone is particularly preferred. 
[0036] As the "heteropolyacld" to be included in the aqueous dispersion of the invention there may be used an acid 
produced by two or more metals among polyaclds formed by condensation of inorganic acids. As the main atonns of 

5 the polyacid fomiing the heteropolyacid there may be mentioned Cu, Be, B, Al, C, Si, Ge, Sn, Ti, Zr, Ce, Th, N, P, As, 
Sb, V, Nb, Ta, Cr, Mo, W, U, S, Se, Te, Mn. I, Fe, Co. Ni. Rh. Os, Ir and Pt. Among these are preferred V, Mo and W. 
[0037] As the heteroatom to be combined with the aforementioned main atom there may be used a metal from among 
Cu. Be, B, Al , C, Si, Ge, Sn, Tl, Zr, Ce, Th, N, P, As, Sb, V, Nb, Ta, Cr, Mo, W, U, S, Se, Te, Mn, I, Fe. Co, Ni, Rh, Os, 
Ir and R, which is different from the aforementioned main atom, and Si and P are preferred. 

10 [0038] As specific examples of heteropolyacids there may be mentioned stiicomolybdic acid, phosphoromolybdic 
acid, silicotungstic acid, phosphorotungstic acid and silicotungstomolybdic acid. 

[0039] For polishing of polishing surfaces with tungsten films, sllicomolybdic acid, phosphoromolybdic acid and sil- 
icotungstomolybdic acid are particularly preferred. 

[0040] The amount of the heteropolyacid to be used for the aqueous dispersions may be 0.1-15 wt%, preferably 
IS 0.2-1 0 wt7o, more preferably 0.5-8 wt%, even more preferably 2-8 wt% with respect to the total of the aqueous disper- 
sion. 

[0041] If the heteropolyacid content Is less than 0.1 wt% the removal rate of the aqueous dispersion will not be 
adequately increased. However, sufficient improvement in the removal rate Is achieved with a content of 15 wt%. At 
greater than 15 wt%, conrosion occurs in polishing surfaces and an undesirable risk is therefore posed in terms of 
20 handling. 

[0042] The heteropolyacid may also be used in combination with a base to form a salt. Alternatively, the heteropol- 
yacid and/or its salt may be dissociated either partially or completely in the aqueous dispersion to include ions. 
[0043] The aqueous dispersions for CMP of the invention can exhibit high performance by containing only the afore- 
mentioned abrasive, water and heteropolyacid, but depending on the purpose they may also contain other additives. 
25 Such additives include oxidizing agents other than the heteropolyacid. acids other than the heteropolyacid. bases, 
surfactants, viscosity adjusters, and the like. 

[0044] By including an "acid" it is possible to further Improve the dispersabilrty, stability and removal rate of the 
aqueous dispersion. The acid is not particularly restricted, and any organic acid or inorgank: acid may be used. 
[0045] As organic acids there may be mentioned para-toluenesutfonk: acid, dodecylbenzenesulfonic acid, isopre- 

30 nesulfonk: acid, gluconic acid, lactic acid, citric acid, tartaric acid, malic acid, glycol k: acid, malonk; acid, formk; acid, 
oxalc acid, succinic acid, fumaric acid, maiek: acid and phthalic acid. Prefenred among these are organ k: acids with 
at least two carboxyl groups in one molecule. As specific examples of preferred organic acids there may be mentioned 
oxalc acid, malonic acid, succinic acid, glutaric acid, adipic acid, maleic acid, fumaric acki, phthalic acid, malic acid, 
tartaric acid and citric add. These organk^ acids may be used alone or in combinations of two or more. 

35 [0046] As inorgante acids there may be mentioned nitric acid, hydrochloric acid and sulfuric acid, and any one or 
more of these may be used. An organic acid and an inorganic acid may also be used in combination. 
[0047] The contents of these acids may be up to 1 0 wt%, preferably 0.005-1 0 wt%. more preferably 0.01 -8 wt%, and 
especially from 1 -8 wt% with respect to the total of the aqueous dispersion. With an organic acid content within these 
ranges it is possible to provide an aqueous dispersion with excellent dispersability and sufficient stability, while it is 

40 also prefenred from the standpoint of minimizing etching, 

[0046] As "oxidizing agents" there may be used those selected as appropriate depending on the electrochemical 
properties of the metal layer of the polishing surface, based on a Pouri^aix diagram, for example. As examples of 
specific oxidizing agents there may be mentioned, 

hydrogen peroxide; 

organic peroxides such as peracetic acid, perbenzoic acid, tert-butylhydroperoxide; 
permanganate compounds such as potassium permanganate; 
bichromate compounds such as potassium bichromate; 
halogenate compounds such as potassium iodate; 
nitric compounds such as nitric acid. Iron nitrate; 
perhalogenate compounds such as perchloric acid; 

transition metal salts such as potassium ferricyanide; and persulfurk: compounds such as ammonium persulfate. 

[0049] The content of the oxidizing agent for the aqueous dispersions of the invention may be up to 1 5 wt%, preferably 
55 no greater than 10 wt% and more preferably no greater than 8 wt% with respect to the total of the aqueous dispersion. 
When included at greater than 15 wt%, corrosion occurs in polishing surfaces and an undesirable risk is therefore 
posed in temris of handling. Though the lower limit is not restrk:ted, to exhibit sufficient effect the content of the oxidizing 
agent may normally be 1 wt% or more, preferably 2 wt% or more. 
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[0050] The aqueous dispersion for CMP according to the invention nnay also contain a "base" for control of the pH 
to improve the dispersability, corrosion resistance, stability and removal rate of the aqueous dispersion. The base is 
not particularty restricted, and any organic base or inorganic base may be used. As organic bases there may be men- 
tioned ethylenediamine and ethanolamine. As inorganic bases there may be mentioned ammonia, potassium hydrox- 

5 ide, sodium hydroxide and lithium hydroxide, and these bases may be used alone or in combinations of two or more. 
[0051] The base contents for the aqueous dispersions of the invention may be up to 10 wt%, and preferably from 
0.01 to 8 wt%, more preferably from 1 to 8 wt% with respect to the total of the aqueous dispersion. 
[0052] As "surfactants" there may be used cationic surfactants, anionic surfactants or non-ionic surfactants. As cat- 
ionic surfactants there may be mentioned fatty amines, aliphatic ammonium salts and the like. As anionic surfactants 

10 there may be mentioned carboxylic acid salts such as fatty acid soaps and atkylether carboxylic acid salts, sulfonic 
acid salts such as alkylbenzenesutfonic acid salts, alkylnaphthalenesulfonic acid salts and a-olefinsulfonic acid salts, 
sulfuric add ester salts such as higher alcohol sulfuric acid ester salts and alkylether sulfuric acid salts, and phosphoric 
acid ester salts such as alkylphosphoric add ester salts. As non-ionic surfactants there may be mentioned ethers such 
as potyoxyethylene alkyi ether, ether esters such as polyoxyethylene ethers of glycerin esters, and esters such as 

IS polyethylene glycol fatty acid esters, glycerin esters and sorbitan esters. 

[0053] The surfactant content may be up to 5 wt%, preferably no greater than 3 wt% and more preferably no greater 
than 1 wt% with respect to the total of the aqueous dispersion. If the surfactant content is greater than 5 wt%, the 
polishing perfomnance may be undesirably lowered. 

[0054] The polishing surface with a metal layer to be polished using an aqueous dispersion for CMP according to 
20 the invention may be a polishing surface with at least one type of metal layer from among pure tungsten films, pure 
aluminum films, pure copper films, pure ruthenium films, pure tantalum films, pure titanium films and pure platinum 
films, as well as alloy films of tungsten, aluminum, copper, ruthenium, tantalum, titanium or platinum with another 
metals, that arefomied on semiconductor bases in manufacturing processes for semiconductor devices such as VLSIs 
and the like. In addition to these metal layers, tantalum nitride, titanium nitride and polysilicon layers that are used for 
25 barrier metal layers may also be present in the polishing surface. 

[0055] The aqueous dispersion of the Invention may employ an appropriate composition suited for the purpose, and 
when the aqueous dispersion is contacted with a metal layer of a woridng surface, the "etching rate" of the metal layer 
is preferably "no greater than 100 A/mln". The etching rate is preferably no greater than 60 A/min, and especially no 
greater than 40 A/min. The etching rate may be adjusted by adjusting the oxidizing agent content, the acid content 
30 and the base content. The etching rate can be measured by an appropriate method, but it is preferably measured by 
immersing the wafer with the woridng surface in the aqueous dispersion at 5-40*C, ordinary pressure for 5-30 minutes, 
and then determining the amount of loss of the film thickness of the metal layer. 

[0056] According to the invention, the etching rate is adjusted by adjusting the composition and pH of the aqueous 
dispersion to produce an aqueous dispersion for CMP having the desired polishing perfomnance. 

35 [0057] CMP of a polishing surface using an aqueous dispersion for CMP according to the invention can be polished 
underthe prescribed polishing conditions with a commercially available chemical mechanical polishing apparatus (such 
as Model "LGP51 0" or "LGPSSa" by Lapmaster SFT Co., Ltd.; Model -EPO-112", "EPO-IIS" and "EPO-222" by Ebara 
Corp.; Model "Mln-a" by Applied Materials Corp.; and Model •AVANTM72" by AlPEC Corp.). 
[0058] It is preferred for the abrasive remaining on the polishing surface to be removed after polishing. The abrasive 

40 may be removed by a common washing method. When the abrasive consists of only organic particles, the polishing 
surface may be heated to high temperature in the presence of oxygen to bum off the organic abrasives for their removal. 
The specific buming method used may be an ashing treatment method with plasma whereby oxygen radicals are 
supplied in a downfiow for exposure to oxygen plasma; this allows the residual organic abrasives to be easily removed 
from the polishing surface. 

45 

[Embodiments of the Invention] 

[0059] The present invention will now be explained In greater detail by way of examples. 

50 (1) Experimental Example 1 

[0060] Aqueous dispersions for CMP were prepared for Examples 1 A to 1 9A and Comparative Examples 1 A to 4A, 
and were evaluated. 

Example 1A 

[0061] There was prepared 1 00 parts by weight (hereunder referred to simply as "parts") of an aqueous dispersion 
for CMP in which 5 parts of silicomolybdic acid was dissolved and 5 parts of fumed silk:a (#90, product of Nippon 
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Aerosil Co., Ltd.) was dispersed. The pH of the aqueous dispersion was 1 .5. 

[0062] A blanket wafer ("W-Blanket", product of SKW Associates Corp.) with a tungsten layer was immersed in the 
aqueous dispersion at 25^C for 30 minutes, and the film thk^kness toss after 30 minutes was detemnined by measuring 
the sheet resistance with a resistance measuring instrument (Model Sigma 5, product of NSP Corp.) according to the 
4-probe method; the etching rate was calculated and found to be 12 A/min. Also, an 8-inch thermal oxidation film- 
coated silteon wafer coating film (product name: "W-Blanket", film thickness: 10,000 A, product of SKW Associates 
Corp.) was set in a chemical mechanbal polishing apparatus (ModerEPO-1 1 2", product of Ebara Corp.), and a porous 
polyurethane polishing pad (product name: "Id 000" by Rodet Nitta Corp.) was used for polishing with a toad at 300 
g/cm^. The urethane pad surface was subjected to one minute of rotary polishing with the table at 50 rpm and the head 
at 50 rpm while supplying the aqueous dispersion at a rate of 200 cc^min. As a result, the removal rate as measured 
with an Omnimap RS-75 (product of KLA-Tencor Corp.) was 2700 A/min. To evaluate the uniformity, the within wafer 
non-unifomnity (WIWNU) was measured by 49 point diameter scan, 3mm edge exclusion, resulted in that 3 c was 
8.5%. For evaluation of the con^osion, patterned wafers with a 0.28 ^m diameter contact hole were 30% over-polished 
and the number of keyholes observed; only two keyholes were found out of 100 contact holes. 

Examples 2A-10A and Comparative Examples 1 A and 2A 

[0063] The abrasive, heteropolyacid and pH were changed as shown in Table 1 , and the etching rates and polishing 
performance on tungsten 



8 



EP1 123 956 A1 



1 i ^ 

1 5 CO 


o6 


00 


CM 
Oi 


CM 
00 


o> 




CO 

CM 




CO 


CM 


»«- 


1 


dishing 
(A) 


o 
to 
to 


o 


o 
o> 
<o 




o 

CM 

o> 


O' 

o 


o 

CO 
CO 


o 
o> 


o 

CO 


O 
CM 
CO 


o- 


1 


number 
of 

keyholes 


CM 




o 


o 


CM 


to 




CD 


o 


o 




1 


removal 

rate 
(A/min) 

\ /II III 1/ 


o 
o 
1^ 

CM 


8 

CM 


o 
o 
rs 

CM 


o 
o 


s 

CM 


s 

CM 


s 


s 


s 

CO 
CM 


C3 

o 
o> 


s 


o 
to 


etching 

rate 
(A/min) 


CM 


CM 


CM 


CM 




CO 


00 


t— 
CO 


CM 


CM 
V— 


o 


CM 


X 
a 




«H 
CM 


CO 




CM 

to 


CO 




CO 








to 


heteropolyacid 
types 
(content) 


'6 

CO 

E 
o 


:o 

'5 
m 

2 5 

1 e 
1 

'« 


CO 

1 ^ 

i ^ 

o 

*« 


'o 

(0 

2 € 

> <o 

1 « 

8 


-o 

*o 

CO 

S 5 

> CO 

E 
o 
o 

'« 


*o 

CD 

0 ^ 

1 « 

> CO 

E ^ 

I 


*o 

CO 

o 
■6 

« 1 
i a 

o. 

CO 

o 


'o 

CO 

S 5 

2 i& 
E ^-^ 
o 

.o 


'o 

CO 

IS 

'(0 


'o 

CO 

I-? 

E 
o 
u 

'c5 


e 
Ta 

">< 

e ^ 

I- 

1 


*o 

'o 

E 


abrasive types 
(content) 


s 

E g 


(0 

E & 
o 


o 

E a 

o ^ 


CO 

1 ^ 
o 


8 

Jl 
§ 


CO 

o 

E g 


«0 

'(5 ^ 
^ -P 
E g 
5 iS 

S 


1 

"5 
■o 

'5 ^ 

=i S 
■f ^ 


CO 

c 

E ^ 

■i ^ 


o 

'€ 

CO 
Q. 

i ^ 
i & 

Q_ to 

E 

CM 
C> 


CO 

E Q. 


CO 

.9 

E g 




< 


















1 


< 




saiduiexg 


soidiuexg 
OAt^ejedtJUOQ 



10 



15 



20 



25 



30 



35 



40 



45 



50 



S5 films were evaluated in the same manner as Example 1 A. The results are shown in Table 1 . The pH was adjusted by 
addition of KOH where necessary. 

[0064] According to the results In Table 1, the etching rates were 34 A/min or less in Examples 1A to 10A. The 
removal rates were 1900 A/min or greater, which were sufficient rates of polishing. Few or no keyholes were found 
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due to corrosion, and thus no problem was posed. On the other hand, Comparative Example 1 A exhibited the problem 
of numerous keyholes due to corrosion, white Comparative Example 2A exhibited the problem of an insufficient rate 
of polishing. 

Example 11 A 

[0065] There was prepared 100 parts of an aqueous dispersion for CMP adjusted to pH 4 with KOH, in which 2 parts 
of sllicomotybdic acid was dissolved and 1 part of fumed silica (#90, product of Nippon Aerosil Co. , Ltd.) was dispersed. 
[0066] A blanket wafer ("Cu-Blanker. product of I MAT Corp.) with a copper layer was immersed in the aqueous 
dispersion at 25'C for 30 minutes, and the film thickness loss after 30 minutes was determined by measuring the sheet 
resistance with a resistance measuring instrument (Model Sigma 5, product of NSP Corp.) according to the 4-probe 
method; the etching rate was calculated and found to be 14 A/min. Also, an 8-inch thermal oxidation film-coated silk:on 
wafer coating copper film (product name: "Cu-Blankef , film thickness: 10,000 A. product of IMAT Corp.) was set in a 
chemical mechanical polishing apparatus (Model "EPO-112". product of Ebara Corp.), and a porous polyurethane 
polishing pad (product name: "iCIOOO" by Rodel Nitta Corp.) was used for polishing with a load at 300 g/cm^. The 
urethane pad surface was subjected to one minute of rotary polishing with the table at 50 rpni and the head at 50 rpm 
while supplying the aqueous dispersion at a rate of 200 cc/min. As a result, the removal rate as measured with an 
Omnlmap RS-75 (product of KLA-Tencor Corp.) was 4900 A/min. The WIWNU was measured by the same method as 
Example 1 A, resulted in that 3 a was 21%. For evaluation of the con-osion, patterned wafers with a 0.28 |inr» diameter 
contact hole were 30% over-polished and the number of keyholes observed; no keyholes were found out of 1 00 contact 
holes. A wiring-patterned wafer (SKW6-2, product of SKW Corp.) was also 30% over-polished, and the dishing of a 
100 \xm wiring width was evaluated to be a satisfactory 800 A. 

Examples 12A-19A and Comparative Examples 3A and 4A 

[0067] The heteropotyacid, pH and abrasive were changed as shown in Table 2, and the etching rates and polishing 
performance on copper films were evaluated in the same manner as Example 11 A. The results are shown in Table 2. 
The pH was adjusted by addition of KOH where necessary. 

[0068] According to the results in Table 2, the etching rates were 23 A/min or less in Examples 11 A to 19A. The 
removal rates were 2900 A/min or greater, which were sufficient rates of polishing. Also, few or no keyholes were found 
due to comjsion, and thus no problem was posed. On the other hand, Comparative Example 3A exhibited the problem 
of numerous keyholes due to corrosk>n, while Comparative Example 4A exhibited the problem of an insufficient rate 
of polishing. 
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(2) Experimental Example 2 

[0069] Aqueous dispersions for CMP were prepared for Examples 1 B to 1 5B and Comparative Examples 1 8 to 58, 
and were evaluated. 
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Example 1 B 

[0070] An aqueous dispersion for CMP was prepared by dissolving 5 wt% of silicomolybdic acid (product of Wako 
Junyaku Co., Ltd.) and 1 wt% of oxalic acid (product of Wako Junyaku Co., Ltd.) In water and further dispersing 5 wt% 
of fumed silica (#90, product of Nippon Aerosil Co., Ltd.). The pH of the aqueous dispersion was 1 .5. 
[0071] A blanket wafer ("W-Blankef, product of SKW Associates Corp, ) with a tungsten layer was immersed in the 
agueous dispersion at 25*C for 30 minutes, and the film thickness loss after 30 minutes was detemnined by measuring 
the sheet resistance with a resistance measuring instrument (Model Sigma 5, product of NSP Corp.) according to the 
4-probe method; the etching rate was cateulated and found to be 13 A/min. Also, an 8-inch thenmal oxidation film- 
coated silicon wafer coating film (product name: "W-Blanket", film thickness: 10,000 A, product of SKW Associates 
Corp.) was set in a chemical mechanteal polishing apparatus (Model "EPO-1 1 2", product of Ebara Corp.), and a porous 
polyurethane polishing pad (product name: "ICIOOO" by Rodel Nitta Corp.) was used for polishing with a load at 300 
g/cm2. The urethane pad surface was subjected to one minute of rotary polishing with the table at 50 rpm and the head 
at 50 rpm while supplying the aqueous dispersion at a rate of 200 cc/min. As a result, the removal rate as measured 
with an Omnimap RS-75 (product of KLA-Tencor Corp.) was 2900 A/min. The WIWNU was measured by the same 
method as Example 1 A, resulted in that 3 a was 8.5%. For evaluation of the corrosion, patterned wafers with a 0.28 
[im diameter contact hole were 30% over-polished and the number of keyholes observed; only two keyholes were 
found out of 1 00 contact holes. 

[0072] A wiring-patterned wafer ("SKW5", product of SKW Corp.) was also 30% over-polished, and the dishing of a 
1 00 ^m wiring width was evaluated to be a satisfactory 500 A. 

Examples 2B-6B and Comparative Examples 1 B, 2B 

[0073] The abrasive, heteropolyacid or other oxidizing agent, as well as the type and amount of organic acid and 
the pH, were changed as shown in Table 3, and the etching rates and polishing perfonmance on tungsten films were 
evaluated in the same manner as Example 1 B. The results are shown In Table 3. 

[0074] The high purity colloidal silica used for Examples 2B and 4B, the fumed alumina used for Example 5B and 
the polym ethyl methacrytate partfcles used for Example 6B were obtained by the methods described below. The phos- 
phoromolybdic acid used was a product of Wako Junyaku Co., Ltd. The pH was also adjusted by addition of KOH 
where necessary. 

Synthesis of high purity colloidal siltea (Examples 2B, 4B) 

[0075] The high purity colloidal silica used was prepared by solvent replacement of a condensate of tetraethoxysilane 
in an ethanol/water mixed solvent using ammonia as the catalyst in water, as described in J. of Colloid and Interface 
Science, 26, 62-69(1 968). Two types of high purity colloidal silica with particle sizes of 39 nm and 67 nm were synthe- 
sized by changing the ethanol/water ratio. 

Fumed alumina (Example 5B) 

[0076] A dispersion of "Alumina C" (trade name of Degusa Corp.) was used. 
Synthesis of 0.2 tun potymethyl methacrylate (Example 6B) 

[0077] After loading 96 parts of methyl methacrylate, 4 parts of methacrylic acid, 0.1 part of ammonium lauryl sulfate, 
0,5 part of ammonium persulfate and 400 parts of ion-exchanged water into a 2-liter flask, the temperature was raised 
to 70*C while stirring in a nitrogen gas atmosphere, for 6 hours of polymerization. This yielded an aqueous dispersion 
comprising carboxyl group-containing anionic potymethyl methacrylate polymer fine particles with a mean particle size 
of 0.2 ^m (hereunder referred to as "0.2 ^im PMMA partteles"). The polymerization yield was 95%. 
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[0078] According to the results in Table 3, the etching rates were 20 A/mIn or less In Examples 1 B to 6B. The removal 
rates were 2000 A/min or greater, which were sufficient rates of polishing. Also, few or no keyholes were found due to 
corrosion, and thus no problem was posed. On the other hand, Comparative Exannple 18 exhibited the problem of 
numerous keyholes due to con-osion, while Comparative Example 28 exhibited the problem of an insufficient rate of 
polishing, and evaluation of the keyholes, dishing and in-plane homogeneity was not possible. 

Example 78 

[0079] An aqueous dispersion for CM P adjusted to pH 4 with KOH was prepared by dissolving 2 wt% of silicomolybdic 
acid (product of Wako Junyaku Co., Ltd.) in water and 1 wt% of maleic acid (product of Wako Junyaku Co., Ltd.) and 
further dispersing 1 wt% of fumed silica (#90, product of Nippon Aerosil Co., Ltd.). 

[0080] A blanket wafer ("Cu-Blanker, product of IMAT Corp.) with a copper layer was Immersed In the aqueous 
dispersion at 25*'C for 30 minutes, and the film thickness loss after 30 minutes was determined by measuring the sheet 
resistance with a resistance measuring instrument (Model Sigma 5, product of NSP Corp. ) according to the 4-probe 
method; the etching rate was calculated and found to be 1 2 A/min. Also, an 8-inch themnal oxidation film-coated silfcon 
wafer coating copper film (product name: "Cu-Blankef , film thckness: 10,000 A, product of IMAT Corp.) was set in a 
chemical mechanical polishing apparatus (Model •'EPO-112", product of Ebara Corp.), and a porous polyurethane 
polishing pad (product name: "ICIOOO" by Rodel Nitta Corp.) was used for polishing with a toad at 300 g/cm^. The 
urethane pad surface was subjected to one minute of rotary polishing with the table at 50 rpm and the head at 50 rpm 
while supplying the aqueous dispersion at a rate of 200 cc/min. As a result, the removal rate as measured with an 
Omnimap RS-75 (product of KLA-Tencor Corp.) was 5300 A/min. The WIWNU was measured by the same method as 
Example 1 A, resulted in that 3 o was 1 8.0%. For evaluation of the corrosion, patterned wafers with a 0.28 |im diameter 
contact hole were 30% over-polished and the number of keyholes observed; no keyholes were found out of 1 00 contact 
holes. A wiring-patterned wafer (SKW6-2, product of SKW Corp.) was also 30% over-polished, and the dishing of a 
1 00 \im wiring width was evaluated to be a satisfactory 600 A. 

Examples 88-1 28 and Comparative Examples 38. 48 

[0081] The abrasive, heteropolyacid or other oxidizing agent, as well as the type and amount of organic acid and 
the pH, were changed as shown in Table 4, and the etching rates and polishing perfonmance on copper films were 
evaluated in the same manner as Example 78. The results are shown in Table 4. 

[0082] The high purity colloidal sllba, fumed alumina and 0.2 PMMA partbles were obtained by the same method 
as those in Table 3. The silbomolybdic acid used was a product of Wako Junyaku Co., Ltd. 
[0083] The pH was also adjusted by addition of KOH where necessary. 

[0084] According to the results in Table 4, the etching rates were 21 A/min or less in Examples 78 to 128. The 
removal rates were 2900 A/min or greater, which were sufficient rates of polishing. Also, few or no keyholes were found 
due to con-osion, and thus no problem was posed. On the other hand. Connparative Example 38 exhibited the problem 
of numerous keyholes due to corrosion, while Comparative Example 48 exhibited the problem of an insuffbient rate 
of polishing, and evaluation of the keyholes, dishing and in-plane homogeneity was not possible. 
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Example 13B 

[0085] An aqueous dispersion for CMP adjusted to pH 4 with KOH was prepared by dissolving 4 wt% of silicomolybdic 
acid (product of Wako Junyaku Co. , Ltd.) and 1 wt% of malonic acid (product of Wako Junyaku Co., Ltd.) in water and 
further dispersing 2 wt% of fumed alumina ("Alumina C", product of Degusa Corp.). 

[0086] A blanket wafer with an aluminum layer was immersed in the aqueous dispersion at 25**C for 30 minutes, and 
the film thickness loss after 30 minutes was detemiined by measuring the sheet resistance with a resistance measuring 
instrument (Model Sigma 5, product of NSP Corp.) acconding to the 4-probe method; the etching rate was calculated 
and found to be 10 A/min. Also, an 8-inch thermal oxidation film-coated silicon wafer coating aluminum film (film thick- 
ness: 6,000 A) was set In a chemical mechanical polishing apparatus (Model "EPO-1 1 2", product of Ebara Corp.), and 
a porous polyurethane polishing pad (product name: "ICI 000" by Rodel Nitta Corp.) was used for polishing with a load 
at 300 g/cnn^. The urethane pad surface was subjected to one minute of rotary polishing with the table at 1 00 rpm and 
the head at 100 rpm while supplying the aqueous dispersion at a rate of 200 cc/min. As a result, the removal rate as 
measured with an Omnimap RS-75 (product of KLA-Tencor Corp. ) was 3900 A/min. The WIWNU was measured by 
the same method as Example 1 A, resulted in that 3 a was 15.3%. For evaluation of the corrosion, patterned wafers 
with a 0.28 jim diameter contact hole were 30% over-polished and the number of keyholes observed; no keyholes 
were found out of 100 contact holes. A wiring-patterned wafer was also 30% over-polished, and the dishing of a 100 
\xjm wiring width was evaluated to be a satisfactory 900 A. 

Examples 14B-15B, Comparative Example 5B 

[0087] The abrasive, heteropotyacid or other organic acid, as well as the type and amount of organic acid and the 
pH, were changed as shown in Table 5, and the etching rates and polishing perfomnance on copper films were evaluated 
in the same manner as Example 13B. The results are shown In Table 5. 
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[0088] The high purity colloidal silica and phosphoromotybic acid were obtained by the same method as those in 
Table 3. The pH was also adjusted by addition of KOH where necessary. 

[0089] According to the results in Table 5. the etching rates were 25 A/min or less In Examples 13B to 15B. The 
removal rates were 2800 A/min or greater, which were sufficient rates of polishing. Also, few or no keyholes were found 
5 due to corrosion, and thus no problem was posed. On the other hand, Comparative Example 5B exhibited the problem 
of an insufficient rate of polishing, and evaluation of the keyholes, dishing and in-ptane homogeneity was not possible. 

(3) Experimental Example 3 

10 [0090] Aqueous dispersions for CM P were prepared for Examples 1 C to 11C and Comparative Examples 1 C to 50. 
and were evaluated. 

Synthesis of colloidal silica 

15 [0091] The colloidal silica used was prepared by solvent replacement of a condensate of tetraethoxysllane in an 
ethanol/water mixed solvent using ammonia as the catalyst in water, as described In J. of Colloid and Interface Science, 
26, 62-69(1968), after concentration. Three types of high purity colloidal silica with mean secondary partbie sizes of 
39 nm, 67 nm and 1 25 nm were synthesized by changing the ethanol/water ratio, the ammonia content and the reaction 
temperature. C adulation of the primary particle sizes from the specific surface areas of each colloidal silica measured 

20 by the BET method gave values of 1 5 nm, 35 nm and 75 nm. 

[0092] Measurement of the sodium content of each colloidal silica by the atomic absorption method gave values of 
1 ppm, 0.7 ppm and 0.9 ppm. 

Example 1 C 

25 

[0093] An aqueous dispersion for CMP was prepared by dissolving 3 wt% of silicomolybdic acid (product of Wako 
Junyaku Co., Ltd.) in water and further dispersing 5 wt% of colloidal silica with a primary particle size of 15 nm. The 
pH of the aqueous dispersion was 1 .9. 

[0094] A blanket wafer C^-Blankef, product of SKW Associates Corp.) with a tungsten layer was immersed in the 
30 aqueous dispersion at 25^0 for 30 minutes, and the film thickness loss after 30 minutes was determined by measuring 
the sheet resistance with a resistance measuring instrument (Model Sigma 5. product of NSP Corp.) according to the 
4-probe method; the etching rate was cak:ulated and found to be 12 A/min. Also, an 8-inch thermal oxidation film- 
coated silicon wafer coating film (product name: "W-Blanket", film thickness: 10,000 A, product of SKW Associates 
Corp.) was set in a chemical mechank:ai polishing apparatus (Model "EPO-H 2", product of EbaraCorp.), and a porous 
35 polyurethane polishing pad (product name: "101 000" by Rodel Nrtta Corp.) was used for polishing with a load at 300 
g/cnD^. The urethane pad surface was subjected to one minute of rotary polishing with the table at 50 rpm and the head 
at 50 rpm while supplying the aqueous dispersion at a rate of 200 cc^min. As a result, the removal rate as measured 
with an Omnimap RS-75 (product of KLA-Tencor Corp.) was 2500 A/min. The WIWNU was measured by the same 
method as Example 1 A, resulted In that 3 a was 9.2%. Also, the number of scratches (Kt) produced on the entire 
40 polishing surface (represented as "St", units: mm^) was measured with a wafer surface matter scanning apparatus 
("Surfacescan SP1 ", product of KLA Tencor Co., Ltd.), and cateulation of the number of scratches per unit area (1 0'^ 
mm^, 1 00 x 1 00 ^m square region) according to the formula given below yielded a result of one scratch per unit area. 

Scratch counting method 

45 

Number of scratches per unit area = Kt/(St/10*2) 

[0095] For evaluation of the corrosion, pattemed wafers with a 0.28 ^m diameter contact hole were 30% over-polished 
and the number of keyholes observed; no keyholes were found out of 100 contact holes. A wiring-patterned wafer 
so (SKW5, product of SKW Corp.) was also 30% over-polished, and the dishing of a 100 ^ wiring width was evaluated 
to be a satisfactory 780 A. 
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Examples 20-40 and Comparative Examples 1C, 2C 

[0096] The colloidal silica, heteropolyacid or other oxidizing agent, as well as the type and amount of organic acid 
and the pH, were changed as shown in Table 6, and the etching rates and polishing perfomnance on tungsten films 
5 were evaluated in the same manner as Example 1 C. The results are shown in Table 6. 
[0097] The pH was also adjusted by addition of KOH where necessary. 

[0098] The phosphoromolybdic acid used for Example 4C was a product of Wako Junyaku Co., Ltd. The fumed 
alumina used for Comparative Example 2C was prepared by dispersion of "Alumina C (product of Degusa Corp., 
primary partkHe size: 13 nm). 

10 [0099] According to the results in Table 6, the etching rates were 20 A/min or less in Examples 1 C to 4C. The removal 
rates were 2100 A/min or greater, which were sufficient rates of polishing. Also, there were few or no scratches or 
keyholes due to corrosion, and thus no problem was posed. On the other hand. Comparative Example 1C exhibited 
the problem of a high etching rate, considerable dishing and a large number of keyholes due to corrosion, while Com- 
parative Example 20 exhibited the problem of a large number of scratches. 

15 

Example 50 

[0100] An aqueous dispersion for CMP adjusted to pH 4 with KOH was prepared by dissolving 2 wt% of silicomolybdic 
acid (product of Wako Junyaku Co., Ltd.) and 2 wt% of maleic acid (product of Wako Junyaku Co., Ltd.) In water and 

20 further dispersing 2 wt% of colloidal silica with a primary particle size of 15 nm was dispersed. 

[0101] A blanket wafer ("Cu-Blanket", product of IMAT Corp.) with a copper layer was immersed in the aqueous 
dispersion at 25*0 for 30 minutes, and the film thickness loss after 30 minutes was detemnined by measuring the sheet 
resistance with a resistance measuring instrument (Model Sigma 5, product of NSP Corp.) according to the 4-probe 
method; the etching rate was calculated and found to be 1 2 A/min. Also, an 8-inch themnal oxidation film-coated silteon 

25 wafer coating copper film (product name: "Cu-Blankef, film thickness: 1 0,000 A, product of IMAT Corp.) was set in a 
chemical mechanical polishing apparatus (Model ''EPO-112'', product of Ebara Corp.), and a porous polyurethane 
polishing pad (product name: "101 000" by Rodel Nrtta Corp.) was used for polishing with a load at 300 g/crn^. The 
urethane pad surface was subjected to one minute of rotary polishing with the table at 50 rpm and the head at 50 rpm 
while supplying the aqueous dispersion at a rate of 200 cc/min. As a result, the removal rate as measured with an 

30 Omnimap RS-75 (product of KLA-Tencor Corp.) was 5400 A/min. The WIWNU was measured by the same method as 
Example 1 A, resulted in that 3 o was 1 7.5%. Also, calculation of the number of scratches (Kt) produced on the entire 
polisning surface with a wafer surface matter scanning apparatus ("Surfacescan SP1", product of KLA Tencor Co., 
Ltd.), yielded a result of one scratch per unit area. 

[0102] A wiring-patterned wafer (SKW6-2, product of SKW Corp.) was also 30% over-polished, and the dishing of a 
35 1 00 [un wiring width was evaluated to be a satisfactory 650 A. 

Examples 6C-80, Comparative Examples 30, 40 

[0103] The colloidal silica, heteropolyacid or other oxidizing agent, as well as the type and amount of organic acid 
40 and the pH, were changed as shown In Table 7. and the etching rates and polishing performance on copper films were 
evaluated in the same manner as Example 50. The results are shown in Table 7. 

[01 04] The silicotungstic acid used was a product of Wako Junyaku €o. , Ltd. The phosphoromoiybdte acid and fumed 

alumina were obtained in the same manner as those in Table 6. 

[0105] The pH was also adjusted by addition of KOH where necessary. 
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[01 06] According to the results in Table 7, the etching rates were 25 A/min or less in Examples 6C to 8C. The removal 
rates were 4200 A/min or greater, which were sufficient rates of polishing. Also, very few scratches were found, and 
thus no problem was posed. On the other hand, Comparative Example 3C exhibited the problem of a high etching rate 
and considerable dishing, while Comparative Example 4C exhibited the problem of a large number of scratches. 

5 

Example 9C 

[0107] An aqueous dispersion for CMP adjusted to pH 4 with KOH was prepared by dissolving 5 wt% of silicomolybdic 
acid (product of Wako Junyaku Co., Ltd.) and 2 wt% of malonic acid (product of Wako Junyaku Co., Ltd.) in water and 

10 further dispersing 3 wt% of colloidal silica with a primary particle size of 15 nm. 

[01 08] A blanket wafer with an aluminum layer was immersed in the aqueous dispersion at 25^C for 30 minutes, and 
the film thickness loss after 30 minutes was determined by measuring the sheet resistance with a resistance measuring 
instrument (Model Sigma 5, product of NSP Corp.) according to the 4-probe method; the etching rate was calculated 
and found to be 15 A/min. Also, an 8-inch thenmal oxidation film-coated silicon wafer coating aluminum film (film thick- 

15 ness: 6,000 A) was set in a chemical mechanical polishing apparatus (Model "£90-112", product of Ebara Corp.), and 
a porous polyurethane polishing pad (product name: "ICIOOO" by Rodel Nitta Corp.) was used for polishing with a load 
at 300 g/cm2. The urethane pad surface was subjected to one minute of rotary polishing with the table at 1 00 rpm and 
the head at 1 00 rpm while supplying the aqueous dispersion at a rate of 200 cc/min. As a result, the removal rate as 
measured with an Omnimap RS-75 (product of KLA-Tencor Corp.) was 3200 A/min. The WIWNU was measured by 

20 the same method as Example 1A, resulted in that 3 a was 19.2%. Also, cateulation of the number of scratches (Kt) 
produced on the entire polishing surface with a wafer surface matter scanning apparatus ("Surfacescan SPI", product 
of KLA Tencor Co., Ltd.), yielded a result of 3 scratches per unit area. A wiring-patterned wafer was also 30% over- 
polished, and the dishing of a 1 00 pjn wiring width was evaluated to be a satisfactory 950 A. 

25 Examples 10C-11C, Comparative Example 5C 

[0109] The colloidal silica, heteropolyacid or other organic acid, as well as the type and amount of organic acid and 
the pH, were changed as shown in Table 8, and the etching rates and polishing perfonnance on aluminum films were 
evaluated in the same manner as Example 9C. The results are shown in Table 8. 
30 [Oil 0] The pH was also adjusted by addition of KOH where necessary. 

[0111] According to the results in Table 8, the etching rates were 25 A/min or less in Examples 9C to 11C. The 
removal rates were 2500 A/min or greater, which were sufficient rates of polishing. Also, very few scratches were found, 
and thus no problem was posed. On the other hand, Comparative Example 5C exhibited the problenrts of a high etching 
rate, considerable dishing and a large number of scratches. 
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[0112] There is provided an aqueous dispersion for CMP with an excellent balance between chemical etching and 
mechanical polishing performance. The aqueous dispersion for CMP of the invention is characterized by comprising 
an abrasive, water and a heteropotyacid. Another aqueous dispersion for CMP according to the Invention is charac- 
terized by comprising an abrasive, water, a heteropotyacid and an organic acid. Yet another aqueous dispersion for 
CMP according to the invention is characterized by comprising colloidal silica with a primary particle size of 5-1 00 nm, 
water and a heteropolyacld. Preferred for the heteropotyacid is at least one type selected from among siticomolybdic 
acid, phosphorotungstic acid, siitcotungstic acid, phosphoromolybdic acid and silicotungstomotybdic acid. Prefen-ed 
for the organic acid Is at least one selected from among oxalic acid, malonic acid, succinic acid, glutaric acid, adipic 
acid, maleic acid, fumaric acid, phthalic acid, malic acid, tartaric add and citric acid. 



Claims 

1 . An aqueous dispersion for chemical mechanical polishing characterized by comprising an abrasive, water and a 
heteropotyacid. 

2. An aqueous dispersion for chemical mechanical polishing according to claim 1 , characterized in that said heter- 
opotyacid Is at least one selected from among siticomolybdic acid, phosphorotungstic acid, siitcotungstic acid, 
phosphoromolybdic acid and silicotungstomolybdic acid. 

3. An aqueous dispersion for chemical mechanical polishing according to claim 1 , characterized by being used for 
polishing of a polishing surface with a tungsten film. 

4. An aqueous dispersion for chemical mechanical polishing according to claim 1 , characterized by being used for 
polishing of a polishing surface with at least one from among copper films, aluminum films, ruthenium films, tantalum 
films, titanium films and platinum films. 

5. An aqueous dispersion for chemical mechanical polishing according to claim 1 , characterized in that upon contact 
with the metal layer of a polishing surface, the etching rate of said metal layer Is 1 00 A/min or less. 

6. An aqueous dispersion for chemical mechanical polishing, characterized by comprising an abrasive, water, a het- 
eropolyacld and an organic acid. 

7. An aqueous dispersion for chemical mechanical polishing according to claim 6, characterized in that said heter- 
opolyacld is at least one selected from among sllicomolybdic acid, phosphorotungstic acid, siitcotungstic acid, 
phosphoromolybdic acid and silicotungstomolybdic acid. 

8. An aqueous dispersion for chemical mechanical polishing according to claim 6, characterized in that said organic 
acid has two or more carboxyl groups in one molecule. 

9. An aqueous dispersion for chemical mechanical polishing according to claim 6, characterized in that said organic 
acid Is at least one selected from among oxalic acid, matonic acid, succinic acid, glutaric acid, adipic acid, maleic 
acid, fumaric acid, phthatic acid, matte acid, tartaric acid and citric acid. 

10. An aqueous dispersion for chemical mechanical polishing according to claim 6, characterized by being used for 
polishing of a polishing surface with a tungsten film. 

11. An aqueous dispersion for chemical mechanical polishing according to claim 6, characterized by being used for 
polishing of a polishing surface with at least one from among copper flims, aluminum films, ruthenium films, tantalum 
fitPDs, titanium films and platinum films. 

12. An aqueous dispersion for chemical mechanical polishing, characterized by comprising colloidal silica with a pri- 
mary particle size of 5-1 00 nm, water and a heteropolyacld. 

1 3. An aqueous dispersion for chemical mechanical polishing according to claim 1 2, characterized in that saidcolloldat 
silica is colloidal silica obtained by hydrolysis and condensation from an alkoxysilane. 

14. An aqueous dispersion for chemical mechanical polishing according to claim 1 2, characterized in that said heter- 
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opolyacid is at least one selected from among silicomolybdtc acid, phosphorotungstic acid, silicotungsttc acid, 
phosphoromotybdic acid and silicotungstomolybdic acid. 

1 5. An aqueous dispersion for chemical mechanical polishing according to claim 12, characterized by further compris- 
5 ing an organic acid. 

16. An aqueous dispersion for chemical mechanical polishing according to claim 12, characterized by being used for 
polishing of a polishing surface with a tungsten film. 

10 17. An aqueous dispersion for chemical mechanical polishing according to claim 12, characterized by being used for 
polishing of a polishing surface with at least one from among copper films, aluminum f ilnrw, ruthenium films, tantalum 
films, titanium V\\ms and platinum films. 
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